A modified Mueller-Hinton broth was developed to perform antimicrobial susceptibility tests on Francisella tularensis. Adequate growth of the organism was obtained within 24 (a cephalosporin).
Francisella tularensis, a bacterium primarily transmitted to humans by wild mammals and biting arthropods, causes human infections which may be prolonged and difficult to treat. The bacteria can be entrapped by the reticuloendothelial system, where the organisms are capable of surviving intracellularly for long periods of time (3, 11, 22) . Streptomycin, tetraçycline, and chloramphenicol have, for many years, been the recommended antimicrobial agents of choice for treating this infection (3, 12, 21) . There is disagreement as to which antimicrobial agent is most efficacious for the disease since there are frequent relapses when the course of treatment is completed. Some authors (4, 18, 22, 25) have reported high relapse rates when tetracycline was used. The organisms from these patients had not become resistant to tetracycline but merely survived intracellularly, and relapse occurred after cessation of therapy (22) . Other investigators reported tetracyclines to be as effective as streptomycin when the appropriate course of therapy was given (14, 18, 22) . Penicillin, ampicillin, and cephalothin have been used to treat this infection, usually before the infecting agent was identified, and generally were not effective (4, 11, 12, 24) .
In addition to streptomycin, tetracycline, and chloramphenicol, other antimicrobial agents reported to be active against F. tularensis are kanamycin, gentamicin, and novobiocin (4, 12, 18) . In vitro susceptibility testing of F. tularensis has not been routinely or systematically performed because the bacterium is difficult to grow on conventional laboratory medium and because of the danger of laboratory workers acquiring laboratory infections. Some nutrients required for growth of the organisms tend to inactivate some antimicrobial agents (1, 5, 7, 23) . In addition, the organism produces ammonia, which changes the pH of the medium and may result in changes in the in vitro susceptibility to some antimicrobial agents and may cause the growth in the medium to become self-limiting (23) . This study was done to: (i) develop a medium that would support the growth of F. tularensis and would be acceptable for antimicrobial susceptibility testing, (ii) determine the susceptibility of F. tularensis to a variety of antimicrobial * Corresponding author. agents, both old and new, which might be considered for treatment of F. tularensis infections, and (iii) add as much information about organism-antimicrobial agent combinations as possible while these highly infectious organisms were being tested.
MATERIALS AND METHODS
The 36 antimicrobial agents that were tested are listed in Tables 1 and 2 . Reference antimicrobial powders were supplied by the respective manufacturers. These anitmicrobial agents were prepared for testing as directed in the National Committee for Clinical Laboratory Standards M7-T standard (15) .
The medium that best supported growth of F. tularensis and was used for susceptibility tests consisted of MuellerHinton broth supplemented with calcium and magnesium ions (15) , 0.1% glucose, 2% IsoVitaleX (BBL Microbiology Systems) which contains cysteine, and 0.025% ferric pyrophosphate. All supplements were added aseptically after the Mueller-Hinton broth was sterilized at 121°C for 15 min. The pH was adjusted to 6.9 to 7.1 with sterile 1 N NaOH after all supplements had been added.
Fifteen strains of F. tularensis were selected from the culture collection of the Special Bacteriology Laboratory, Centers for Disease Control. They consisted of 13 glycerolpositive and 2 glycerol-negative strains. All strains were ,-lactamase positive by the nitrocefin test incubated for 1 h (24). Two strains were selected because they had been grown on modified charcoal-yeast extract agar before submission to the Centers for Disease Control and because these organisms are sometime mistaken for Legionella spp. (10) . One strain, KC1482, derived from strain ATCC 6223 (5, 7, 8, 17) was selected for testing because it is the avirulent type strain and it grows poorly and slowly on conventional laboratory media. These strains had been isolated from wounds, blood, conjunctiva, pleural fluid, and lymph nodes. Most of these isolates were from the southeastern and southwestern areas of the United States.
The organisms were grown on GC chocolate agar (BBL) in a candle extinction jar for 24 (15) , 2% IsoVitaleX, 0.1% glucose, and 0.025% ferric pyrophosphate. Blood, cysteine, peptone, and glucose have been reported to be required for growth of the organism (1, 5, 7, 9, 13, 16, 19, 20, 23) . We used ferric pyrophosphate because two of these organisms were isolated or grew on charcoal-yeast extract agar (6) . Growth on the same medium supplemented with lysed horse blood or hemin instead of the ferric pyrophosphate was very poor and was insufficient for antimicrobial susceptibility testing. When the iron source was omitted from the medium, F. tularensis did not grow. We did not test hemoglobin because a clear medium was needed to facilitate reading the MICs.
The MICs for which 50o of the organisms were inhibited (MIC50s) and MICgos are shown in Table 1 . In general, the penicillins were not very active on these strains of F. tularensis but note that the ranges of MICs for the penicillins are quite wide and that MIC50s are high. The main reason for the wide range is that one strain had low MICs for some of these P-lactam antimicrobial agents. This unusual strain had been sent to the Centers for Disease Control as a suspect Legionella sp. because it grew on charcoal-yeast extract agar. Even though it had low MICs to some penicillins, this strain was ,-lactamase positive. The cephalosporins were more active, as a group, than the penicillins against these strains. Cephalothin and cefamandole were the least active, and moxalactam, ceftazidime, cefotaxime, ceftriaxone, and cefoxitin were the most active cephalosporins.
All of these strains of F. tularensis were P-lactamase positive by the nitrocefin method in 1 h (24). Table 2 shows the MICs for the aminoglycosides, all of which were active in vitro. Other active antimicrobial agents were tetracycline, erythromycin, chloramphenicol, nitrofurantoin, and rifampin.
The in vitro effect of modified Mueller-Hinton broth on control strains compared with results obtained in MuellerHinton broth supplemented with Ca2" and Mg2+ was minimal with the penicillins and cephalosporins. The greatest change was a decrease of 2 log2 dilution for ceftriaxone against Streptococcus faecalis ATCC 29212. All other results for the P-lactams were the same or within ±+1 log2 dilution. This was not the case, however, for the other antimicrobial agents tested. The effect was greater for gentamicin, tobramycin, and netilmicin than for other drugs with MICs generally 2 to 3 log2 dilutions higher in modified Mueller-Hinton broth than in Mueller-Hinton broth sup- plemented with Ca2" and Mg2" (Table 3 ). This modified dime, and ceftriaxone; and Sch 29482, a cephalosporin. It is likely that these aminoglycosides could be used successfully to treat this infection since streptomycin has been shown to be efficaceous. The use of antimicrobial agents other than aminoglycosides, tetracycline, and chloramphenicol to treat patients with tularemia must await further data on clinical use.
In conclusion, if antimicrobial susceptibility tests on F. tularensis are done, we recommend using the microdilution method and the modified Mueller-Hinton broth. By this method, F. tularensis was susceptible in vitro to all the aminoglycosides tested, tetracycline, chloramphenicol, erythromycin, nitrofurantoin, and rifampin. With rare exceptions, penicillins were not active against these organisms, but the activity of the cephalosporins varied. Ceftazidime and moxalactam were the most active, but they were also susceptible to cefoxitin, cefotaxime, ceftriaxone, and Sch
29482.
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